Summary. Corpora lutea were removed from regularly cycling dairy cows, dissociated with collagenase and cultured for 8 or 10 days in Ham's F-12 medium. In Exp. 1 treatment with insulin, or an insulin\p=n-\transferrin\p=n-\seleniumcombination (ITS), increased progesterone production from basal levels on Day 4 ofculture to 234% (P < 0\m=.\01) above controls on Day 10. LH alone increased progesterone production 45% above controls on Day 10 (P > 0\m=.\05). When LH was combined with insulin or ITS, progesterone production was stimulated to an average of 1802% (P < 0\m=.\01) above controls on Day 10 of culture. Transferrin or selenium without insulin did not allow LH to stimulate progesterone synthesis. In Exp. II, LH alone or LH plus gentamicin or penicillin\p=n-\ streptomycin increased progesterone production from basal levels on Day 2 steadily to an average of 468% (P < 0\m=.\01) above controls (no antibiotics) by Day 8 of culture. The addition of amphotericin-B, alone or in combination with the other antibiotics, inhibited all LH-stimulated progesterone synthesis, but did not affect basal progesterone levels. We conclude that insulin is essential for maximal steroidogenesis in a bovine luteal cell culture system, and that LH-stimulated progesterone production is inhibited in the presence of amphotericin-B, but is not inhibited by gentamicin or penicillin\p=n-\ streptomycin. The elimination of amphotericin-B, coupled with the addition of insulin to the cell culture system increased the responsiveness of the cells to LH. These culture conditions represent the first report in which LH increased total progesterone production for 10 days, maintaining luteal function in a chemically-defined culture system.
Introduction
Numerous workers have maintained long-term cell cultures of granulosa cells (Channing, 1966; Centola, 1979) and luteal cells (Gospodarowicz & Gospodarowicz, 1972; Stoklosowa & Stadnicka, 1973) by utilizing 10-15% serum in the culture medium. However, serum contains unknown and varied amounts of hormones and other substances which affect the growth and/or function of endocrine cells in culture. Channing et al. (1976) removed serum from pig granulosa cell cultures and reported enhanced luteinization of the cells with the addition of insulin, cortisol and thyroxin. Reports by Pate & Condon (1982) and Orly et al. (1980) stated that the addition of serum to culture medium inhibited the response of luteal and granulosa cells to LH and FSH, respectively. Although incapable of responding to gonadotrophins, both cell types are able to respond to cyclic adenosine monophosphate (cAMP) in the presence of serum, suggesting that serum has its inhibitory effect before cAMP accumulation (Orly et al, 1980; Pate & Condon, 1982 Removal of serum necessitates the addition of supplements to meet the physiological require¬ ments of the cells. The most common supplement used is insulin; others include thyroxin, hydrocortisone, cortisol, selenium and transferrin. Antibiotics are also frequently used, the most common being penicillin-streptomycin, gentamicin and the antimycotic amphotericin-B. The objective of this study was to define further the luteal cell culture system reported by Pate & Condon (1982) (Grand Island, NY) , and the luteinizing hormone (LH) was NIAMMD-bLH-4 from National Institutes of Health (Bethesda, MD).
Collection and culture of luteal cells. Luteal cell cultures were established as previously reported by Pate & Condon (1982 , 1984 (Tennant, 1964 with Hepes/bicarbonate and was supplemented with the ITS premix. Treatments included 10 ng LH/ml, penicillin (50 U/ml)-streptomycin (50 µg/ml), 50 µg gentamicin/ml, and 2-5 µg amphotericin-B/ml, alone or in combination. Antibiotic concentrations were chosen as recommended by Perlman (1979) . Controls contained no antibiotics.
Progesterone determination. Decanted medium from each 48-h period was stored at -20°C until assayed for progesterone by radioimmunoassay of unextracted samples with anti-progesterone-11-BSA serum (No. 337, Niswender) . This antiserum does not cross-react significantly with any abundant steroid in our samples (Gibori et al., 1977) . The sensitivity of the assay, as determined by the lower 95% confidence limit of the maximum binding in the absence of any unlabelled progesterone, was 0-1 ng/ml. The intra-assay and interassay coefficients of variability were 5-3% and 13-3% respectively. All standards were assayed in quadruplicate, and all unknowns were assayed in duplicate.
Statistical analysis. Analysis of differences between treatment means was conducted using one-way analysis of variance and Student-Newman-Keuls mean separation procedure. In Exp. I, differences in cell numbers between treatments were analysed by Student's t test.
Results

Experiment I
The effects of selenium, transferrin, insulin and ITS on basal progesterone production are shown in Fig. 1 (1983) .
The effect of adding LH (10 ng/ml) to the cultures alone or in combination with 1 or 2 anti¬ biotics is shown in Fig. 4 In Fig. 5 , the results from the present experiment are compared to those from a study by Pate & Condon (1983) in which removal of serum from the medium (containing amphotericin-B) increased LH-stimulated progesterone synthesis from 5% above controls to 80% above controls on Day 8. In the present experiment, removal of amphotericin-B increased stimulation to 468% above controls on Day 8.
Discussion
Results from the present study suggest that in a serum-free culture system addition of insulin is essential for LH-stimulated progesterone production and aids in maintenance of basal progesterone synthesis by bovine luteal cells. Several studies have demonstrated that insulin is necessary for pig granulosa cell maintenance and luteinization in culture (Channing et al, 1976; May & Schomberg, 1981; Otani & Maruo, 1985; Baranao & Hammond, 1985) . Insulin has also been shown to enhance basal and gonadotrophin-induced progesterone production by bovine luteal cells (O'Shaughnessy & Wathes, 1985) , monkey luteal cells (Gulyas et al, 1980) cultured with 10% serum and in shortterm incubation of rat luteal cells (Tesone et al, 1983; Ladenheim et al, 1984) .
In contrast to the findings of O'Shaughnessy & Wathes (1985) , the present study found no significant stimulation of progesterone production by LH in cultures without insulin. This discrep¬ ancy between the two studies is probably due to the fact that O'Shaughnessy & Wathes (1985) used 10% serum and, since serum inherently contains insulin, their study contained no truly insulin-free treatments. The addition of insulin, alone or in combination with transferrin and selenium (ITS), resulted in a significant LH response and facilitated a continuous increase in progesterone levels throughout the 10-day culture period. This increased progesterone synthesis by LH in insulintreated cultures is similar to that observed by May & Schomberg (1981 , 1984 in hCG-stimulated pig granulosa cells in culture.
In the present study insulin minimized the loss of cell numbers throughout the culture when compared to control cultures. In granulosa cell cultures, insulin treatment has also been found to increase (Channing et al, 1976) or maintain (May & Schomberg, 1981) cell numbers.
It is difficult to define a single mechanism of action of insulin on cultured bovine luteal cells, since insulin has several different effects in a number of cell lines. Insulin has been reported to increase cytochrome P-450 cholesterol side-chain cleavage activity in pig granulosa cells (Veldhuis et al, 1983) ; to induce the biosynthesis of cholesterol side-chain cleavage constituents (Veldhuis et al, 1986b) ; to promote increased activity of 3ß-hydroxysteroid dehydrogenase and pregnenolone accumulation in pig (Veldhuis & Kolp, 1985) and rat (Davoren & Hsueh, 1984) granulosa cell cultures; to mediate, by specific receptors, enhanced glucose uptake and metabolism in cultured pig granulosa cells (Otani & Maruo, 1985) ; to enhance low density lipoprotein binding, internalization, and degradation, contributing to the intracellular cholesterol pool in pig granulosa cells (Veldhuis et al, 1986a) ; and to stimulate FSH-mediated induction of LH receptors on pig granulosa cells (May etal, 1980; May & Schomberg, 1981) . It has also been suggested (Adashie/ al, 1985) that the stimulatory action of high levels of insulin in pig granulosa cells may be enhanced by crossreactions with the somatomedin receptor, which appears to resemble the insulin receptor (Bhaumick et al, 1981) . It is therefore likely that insulin has numerous mechanisms of action in promoting steroidogenesis.
The addition of transferrin and the antioxidant selenium to our cultures had no effect on basal and LH-stimulated progesterone production, or on cell numbers. The results from seleniumsupplemented cultures are in agreement with those of O'Shaughnessy & Wathes (1985) (Perlman, 1979) to determine the effects of the antibiotics on the steroidogenic ability of bovine luteal cells in culture.
Although we found that 2-5 pg amphotericin-B/ml (and 0-25 pg/ml; unpublished data) inhibited LH stimulation in luteal cells, there are reports of LH stimulation when amphotericin-B was present in cell cultures. Channing (1974) supplemented monkey granulosa cell cultures with 20% serum and 2-5 pg amphotericin-B/ml, and found that LH stimulation was maintained, although no statistical significance was reported. In the study of Pate & Condon (1982) , luteal cells showed a small but significant response to various doses of LH (10-1000 ng/ml) when the medium contained 2-5 pg amphotericin-B/ml and no serum. Pate & Condon (1982) reported LH-stimulated (10 ng/ml) pro¬ gesterone synthesis of 30% above control values at Day 11 of culture. This level of stimulation is considerably lower than that in the amphotericin-B-free treatments in the present study. In the study by Pate & Condon (1983) , serum plus amphotericin-B again inhibited the response of the luteal cells to LH. In the present experiment, we have shown that the removal of amphotericin-B from serum-free medium increases progesterone production from 80% above controls (Pate & Condon, 1983) Amphotericin-B is a polyene macrolide antibiotic. This class of antibiotic is fungicidal and has no effect on bacteria or viruses (Norman et al, 1976) . Amphotericin-B acts as an ionophore, com¬ bining with sterols (predominantly ergosterol) in the fungal cytoplasmic membrane to form porous channels (Kinsky, 1962; Feingold, 1965) . The ability of amphotericin-B to bind to cholesterol and ergosterol has been well documented (De Kruijff et al, 1974; Hopfer et al, 1984) . Cholesterol is a major lipid component of cell membranes, interacting with phospholipids within the membrane, modulating membrane fluidity (Whetton et al, 1983) . Removal of cholesterol, thus lowering the cholesterol/phospholipid ratio, results in a decrease in membrane fluidity (Whetton et al, 1983) . Similar results have been observed after exposure of cellular membranes to amphotericin-B (De Kruijff et al, 1974) . Adenylate cyclase activity is inhibited by decreasing membrane fluidity in bovine luteal cells (Milvae et al, 1983) and rat liver plasma membranes (Whetton et al, 1983) . Furthermore, amphotericin-B inhibits catecholamine-stimulated adenylate cyclase in pigeon erythrocyte membranes (Puchwein et al, 1974) and fluoride-stimulated adenylate cyclase in rat liver plasma membranes (Dipple & Houslay, 1979) . All of these studies provide strong evidence for the disruption of membrane cholesterol by amphotericin-B, with subsequent alteration of membrane fluidity and adenylate cyclase activity.
In the luteal cell, LH-stimulated progesterone synthesis works through the adenylate cyclase system (Birnbaumer & Kirchick, 1983) . In contrast, Farese (1984) has proposed that basal pro¬ gesterone synthesis works through Ca2 +-dependent protein kinase C. In our study, amphotericin-B abolished LH-stimulated progesterone production, while having no effect on basal progesterone synthesis, supporting the hypothesis that amphotericin-B is exerting its effect at the level of the membrane and altering adenylate cyclase activity.
The results from these studies emphasize the importance of understanding the function and effects of all components in a chemically defined cell culture system. 
